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A METHOD AND AN APPARATUS FOR SCHEDULING
TECHNICAL FIELD OF THE INVENTION

The invention is related to a method and apparatus for
scheduling. More specifically, the invention relates to a method
and apparatus for scheduling position measurements of a mobile

5 station operating in a radio communication network. The
invention includes methods in which the scheduling method is
applied as well as network nodes, radio communication networks
and mobile stations in which the scheduling method is
implemented.

10 DESCRIPTION OF RELATED ART

Several techniques have been developed that can determine the
geographical position of a mobile station. The geographical
position is mostly presented as the latitude and longitude of
the mobile station as measured by a positioning system. The
position measurement result may also include an estimate of the
accuracy of the determined position. The position information
can be used for providing a number of different services, known
as Location Dependent Services, where data about the position of
the mobile station is used as a component in the service.
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One such example is the Wireless E911 location determination
mandated by the United States Federal Communications Commission
for all types of public wireless networks. This requires the
wireless networks to supply the location coordinates of the
caller to a Public Safety Answering Point, that answers a 911
call, m E911 Phase II, which is to be in service in October
2001, the requirement is that the location is determined with an
accuracy of 125 meters RMS.

Location Dependent Billing in a cellular network is another type
of Location Dependent Service. The idea is to base the tariff
for a call on the current geographical position of the mobile
station engaged in the call, m the general case, the mobile
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service provider can offer the subscriber the possibility to
specify a number of different geographical areas where different
tariffs apply. Data about each area, like position, size,
tariff, etc., is stored in one or several databases in the

5 cellular network.

An example of a specific type of Location Dependent Billing
application is called Home Zone Billing. The idea is that the
subscriber is given a low tariff when calling within a home zone
area and a higher tariff when calling outside the home zone

10 area. The basic rationale for this type of service is that the
mobile service provider will be able to position the cellular
network as both an alternative and as a complement to the fixed
telephone network. With a Home Zone Billing service, the
cellular network can be an attractive alternative for new

15 subscribers, where the cost for the installation of a fixed
network would be high. For those that already have a fixed
network subscription, a mobile subscription can be an attractive
complement at home, when the fixed line is occupied for other
uses than speech, like connection to the Internet or fax

20 transmission. A location dependent billing function applies
different charges to a mobile connection depending on the
geographical position of the subscribers mobile station.
Furthermore, the tariff used for the connection should be
changed if the subscriber during the charged time period crosses

25 the border between two areas with different tariffs.

U.S. Patent 5,774,802 describes a method where a multilateral
location measurement is used to determine the position of a
mobile station. The patent describes how this position can be
used for the purpose of location dependent billing services. The
patent describes a function where the charging is dependent upon
the geographical position of the mobile station at call setup.
The geographical position of the mobile station is compared to
the geographical location of different tariff areas only upon
call setup. Thus, the disclosed system is unable to detect if

30
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the mobile station crosses a tariff border during a can andconsequently does not provide a true iocation dependent biU 1
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geographic coordinates of a home location for the subscriber and
defining a personal home area centred on the home location of
the subscriber. The method then determines a current geographic
location of the subscriber upon invoking a service and
determines whether the current geographic location of the
subscriber is within the personal home area. Finally, the method
includes setting parameters, e.g. billing rate, for the service
to different values dependent on whether the subscriber is
located inside or outside the personal home area. The current
geographic location of the subscriber may be updated at handoff
and the parameter values, e.g. charging rate, may be updated if
the subscriber has entered or left the personal home area.
However, if e.g. a subscribers personal home zone area is
defined as part of a cell, and the subscriber during a call

15 enters or exits the personal home zone area but remains within
the cell, no handoff is performed and consequently no updating
of the charging rate will occur.

SUMMARY OP THE INVENTION

10

20

The problem dealt with by the present invention is to provide a
way of monitoring the current position of a mobile station,
operating in a radio communication network, which is both
capacity efficient and allows the mobile stations current
position in critical areas to be updated at a high rate.

The problem is solved essentially by a method in which position
25 measurements of the mobile station are scheduled dependent on

the current distance between the mobile station and a critical
point e.g. on a defined geographical border. The invention
includes an apparatus, e.g. in the form of a network node or a
mobile station, and a radio communication network implementing

30 the method.

More specifically, the problem is solved in the following
manner. Input data representing the current geographical
position of the mobile station is received. The position
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measurements are scheduled dependent upon the distance between a
predefined reference point and the current geographical position
of the mobile station as derived from the received input data.

One object of the invention is to provide a way of monitoring
the current position of a mobile station which is both capacity
efficient and allows the current position of the mobile station
to be updated at a high rate when operating in critical areas.

A more specific object is to enable the rate of position
updatxng to be adapted dependening upon whether the mobile
station is operating in a critical area requiring frequent
position updates or is operating in an area where less frequent
position updates suffice.

One advantage afforded by the invention is that it provides away of monitoring the current position of a mobile station which
is both capacity efficient and allows the current position of
the mobile station to be updated at a high rate in critical
areas

30

A more specific advantage of the invention is that it enables a
mobile station to adapt the rate of position updating dependent
upon whether the mobile station is operating in a critical area
requiring frequent position updates or is operating in an area
where less frequent position updates suffice.

Another advantage of certain embodiments of the invention is
that it enables reliable detection of whether a mobile station
engaged in a communication session, e.g. a phone call, enters or
exits an area which is predefined independent of the cell
structure of a cellular network.

The invention will now be described in more detail with
reference to exemplary embodiments thereof and also with
reference to the accompanying drawings.

BNSDOCID: <WO 0137601A1 I >



WO 01/37601 PCT/SE00/01884

10

15

20

25

30

BRIEF DESCRIPTION OP THE DRAWINGS

Fig. 1 is a view illustrating cells and a home area zone in a
cellular network.

Fig. 2 is a schematic view of equipment in the cellular network.

Fig. 3A-3D are block diagrams illustrating the operation of a
Location Dependent Billing function according to a first
exemplary embodiment of a method according to the invention.

Fig. 4 is a signalling diagram illustrating signal exchange
between network nodes.

Fig. 5A-5B are distance-time diagrams illustrating selection of
a time interval between position measurements as a function of
distance

DETAILED DESCRIPTION OF THE EMBODIMENTS
Fig. 1 illustrates an exemplary scenario in which the present
invention is applied. A cellular radio communication network 101
provides communication services in a geographical area divided
into a number of cells including cells C1-C9. Subscribers of the
cellular network 101 are offered a Location Dependent Billing
service allowing each subscriber to use the communication
services provided by the cellular network 101 at a reduced
tariff within a predefined area designated as a home zone area.
Fig. 1 illustrates a mobile station MSI operating in the radio
communication network 101. The person using the mobile station
MSI is a registered subscriber of the cellular network 101
having an associated home zone area 102. in this exemplary
scenario, the home zone area is provided in the form of a circle
103 (home zone area border) with a central point, defined by its
latitude and longitude coordinates, and a radius. Note that the
home zone area border need not be aligned with existing cell
borders of the cellular network 101, and hence the home zone
area may e.g. cover parts of several cells (as illustrated in
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1) or only a part of a single cell, when the subscriberuses his mobile station MSI to participate in „ n

^
.

paxLicipate m a communicationsession, e.g. a phone call, within t-h0 h
'

Wltnin the home zone area 102, theceUular network 10! applies a reduced home zone tariff. whirl
5 when the subscriber uses his mobile station MS1 to partijpama congestion session outside the home zone area 102, thecellular network 101 applies a standard tariff to charge the

TZTVZ th

vrices" duri- *—

-

in T' Stati°" MS1 Cr°Sses the ^one area10 bor er 103 during a conation session, the
sessron „ re-rated, i.e. when the cellular network 10! detectsthat the mobile station MSI has crossed the home rone areaborder 103. the tariff applied to the communication sessionchanged fro, the home zone tariff to the standard tariff or vice15 versa dependent on whether the mobile station MSI exits orenters the home zone area 102. Thus, when determining the totalcharge for the co^unication session, one part of heco^u cation session may be charged according to the home zone

20 b f "
re,"ainin9 Part °f the «—»i«Mo» session may20 be charged according to the standard tariff.

in order to be able to re-rate a congestion session when the-tel. station MSI crosses the home zone area border 103, he

of th T°
Ik "eedS t0 m°nit0r thS ^eograpbica! positionof the mobne station MSI. Preferrably, the time-delay from the2S Poznt r» time when the mobile station MSI actually crosses thehome zone area border 103 until the cellular network 101 detectstne border crossing and re-rat^* fha „~

should
communication sessionShould be as short as possible. This implies that the

30 IT
13
'

POSiUO
" °

f m0bUe Sta"°" MS1 Should be30 measured as often as possible. However, each positionmeasurement is associated with a certain cost in tems 0consumed resources and hence there is aiso a desire to reducethe total number of position measurements performed
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The present invention addresses the problem of meeting the above
mentioned two conflicting desires of enabling the cellular
network 101 to quickly detect when the mobile station MSI
crosses the home zone area border 103 and at the same time to

5 reduce the total number of position measurements performed.

The basic idea of the invention is to schedule position
measurements of a mobile station dependent upon the current
distance between the mobile station and a defined reference
point. In the context of the exemplary scenario presented in
Fig. 1, the position measurements are scheduled dependent upon
the distance 104 between the mobile station MSI and the point
105 on the home zone area border 103 which is closest to the
current geographical position 106 of the mobile station MSI.
Thus, when the mobile station MSI is operating beyond a

15 predetermined distance from the home zone area border 103,
position measurements are scheduled less frequent as compared to
when the mobile station MSI is operating closer to the home zone
area border 103.

10

20

Fig. 2 shows a simplified schematic view of equipment in the
cellular network 101 introduced in Fig. 1. The cellular network
101 illustrated in Fig. 2 has a structure conforming to the
TIA/EIA-41 specifications. Note that the invention is in no way
limited to be applied only in TIA/EIA-41 conformant cellular
networks. The cellular network 101 comprises a home location

25 register (HLR) HLR1. The home location register HLR1 holds
subscriber data for subscribers of the cellular network 101 and
also implements a Location Dependent Billing (LDB) application.
The LDB-application is provided as software instructions 201
stored in a memory 202 and executed by a processor 203 in the
home location register HLR1 . The cellular- network 101 further
comprises a mobile switching centre (MSC) MSC1. The mobile
switching centre MSC1 depicted in Fig. 2 is assumed to include
visitor location registration (VLR) functionality, i.e. the
control node MSC1 comprises both the Mobile Switching Centre and

30
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the Visitor Location Register functional entities defined in
TIA/EIA-41. Base stations BS1-BS3 are connected to the first
mobile switching centre MSC1 and provide radio coverage in the
cells C1-C9 included in the service area of the first mobile
switching centre MSC1. Each of the base stations BS1-BS3 serves
a group of three sector cells, i.e. the first base station BS1
serves the cells C1-C3, the second base station BS2 serves the
cells C4-C6 and the third base station BS3 serves the cells C7-
C9

.

Since the network elements described above are all well known to
a person skilled in the art, the general function of each of
these network elements will not be elaborated upon any further.

For the purpose of performing position measurements of mobile
stations, including the mobile station MSI, the cellular network
101 further comprises a mobile positioning centre (MFC) MPC1 and
a positioning determining entity (PDE) PDE1 in accordance with
the modifications of the TIA/EIA-41 network reference model
proposed in TIA/EIA PN-3890, "Enhanced Wireless 9-1-1 phase 2".
The mobile positioning centre MPC1 is the point of interface of
the cellular network 101 for providing geographical position
information. It serves as a coordinator between other entitites
in the cellular network 101. It receives requests for the
geographical position of a specified mobile station, orders the
position determining entity PDE1 to measure the geographical
position of the specified mobile station and forwards the
position measurement results obtained from the position
determining entity to the requesting entity.

The position determining entity PDE1 is the entity that actually
gathers measurement data 204 representing the current position

30 of a specified mobile station and determines, from said
measurement data, the geographical position of the mobile
station. This might be accomplished using network based,
terminal based or combined network/terminal based technologies.

20

25
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There are numerous different known methods and arrangements for
determining the geographical position of a mobile station which
can be used in connection with the present invention. Two
examples of such methods and arrangements can be found in the

5 published international patent applications WO 96/31076 and WO
97/30360. Further details on different methods of position
measurements can e.g. be found in the article "Position Location
Using Wireless Communications on Highways of the Future" by T.S
Rappaport, J.H. Reed, and B.D. Woerner in the October 1996 issue

10 of IEEE Communications Magazine. Since these methods and
arrangements are well known to a person skilled in the art, the
details on how to determine the geographical position of a
mobile station will not be elaborated upon any further.

Note that only elements deemed necessary for illustrating the
15 present invention are illustrated in Fig. 2 and thus a radio

communication network in which the invention is applied may
comprise e.g. a greater number of base stations, mobile
switching centres, mobile positioning centres and position
determining entities as well as other types of network nodes

20 The Location Dependent Billing service offered by the cellular
network 101 is implemented in the cellular network 101 according
to a first exemplary embodiment of the invention. This first
embodiment of the invention is described with the aid of Fig.
3A-3D, which illustrates the operation of the Location Dependent

25 Billing (LDB) application in the home location register HLR1,
and Fig. 4, which illustrates a typical example scenario of a
sequence of LDB-related signals exchanged for a communication
session involving the mobile station MSI.

30

Refering to Fig. 4, a call request first arrives at the mobile
switching centre MSC1. The call request may either be a request
for establishment of an outgoing call from the mobile station
MSI or a request for establishment of an incoming call to the
mobile station MSI from another party. The mobile switching
centre MSC1 detects, based on subscriber data downloaded to the

BNSOOCID: «=WO 0137601A1 I >
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mobile switching centre MSC1 from the home location register
MSC1, that location dependent billing shall be applied to the
call. The mobile switching centre MSC1 sends a signal S41 to the
home location register HLR1 requesting the LDB-application in
the home location register HLR1 to provide a tariff for
calculating call charges. The signal S41 includes data
identifying the mobile station MSI, e.g. International Mobile
Station Identity (IMSI) or Mobile station Identification Number
(MM), the current serving cell, e.g. cell C4 in Fig. 1, and the
radio channel allocated to the call, e.g. digital traffic
channel DTC1 in cell C4.

Fig. 3A illustrates at step 301 how the signal S41, when
received at the home location register HLR1, triggers invocation
of the LDB-application.

15 At step 302 the LDB-application schedules an initial position
measurement to determine the current position of the mobile
station. The LDB-application requests the mobile positioning
centre MPC1 to provide the current position of the mobile
statxon MSI by sending a position request signal S42 including

20 data identifying the mobile station MSI, the current serving
cell C4 and the allocated radio channel DTC1 to the mobile
positioning centre MPC1. The mobile positioning centre MPC1
orders the position determining entity PDE1 to determine the
current geographical position of the mobile station MSI The

25 position determining entity PDE1 performs the necessary
measurements and reports the resulting current geographical
position of the mobile station to the mobile positioning centre
MPC1. The mobile positioning centre MPC1 sends a position
response signal S43 to the node that requested the position

30 measurement, i.e. the home location register HLR1 . The position
response signal S43 includes the identity of the mobile station
MSI and its current geographical position.

The LDB-application in the home location register HLR1 receives
the current geographical position at step 303 in Fig. 3A and

BNSDOCID:<WO 0137601A1 I >
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determines at step 304 whether the current geographical position
of the mobile station MSI lies within the subscribers home zone
area 102.

If the mobile station MSI is located within the home zone area
5 102 (an alternative YES at step 304), the LDB-application

returns, at step 305, a signal S44 (see Fig. 4) to the mobile
switching centre MSC1 conveying the home zone tariff as the
initial tariff which is to be applied to the call. If the mobile
station MSI is located outside the home zone area 102 (an

10 alternative NO at step 304), the LDB-application returns, at
step 306, the signal S44 to the mobile switching centre MSC1
conveying the standard tariff as the initial tariff which is to
be applied to the call. The mobile switching centre MSC1 applies
the received initial tariff when generating charging data for

15 the call.

After providing the mobile switching centre MSC1 with the
initial tariff for the call, the LDB-application continues to
monitor the geographical position of the mobile station MSI to
detect whether the mobile station MSI crosses the home zone area
border 103 during the call. Thus, at step 307 in Fig. 3A, the
LDB-application analyses the initial serving cell identity
received in signal S41 to determine whether the mobile station
MSI currently is operating in any one of cells C1-C3. Cells Cl-
C3 constitue an exemplary predetermined first set of cells
providing radio coverage in a geographical area enclosing the
home zone area border 103. The first set of cells have been
selected so as to ensure that the mobile station MSI can not
cross the home zone area border 103 without entering a cell
included in the first set of cells. If the mobile station MSI
was found operating in a cell included in the first set of cells
(an alternative YES at step 307), the LDB-application enters a
first mode of monitoring operation. If the mobile station MSI
was found operating in a cell not included in the first set of

20

25
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cells (an alternative NO at step 307), the LDB-application
instead enters a second mode of monitoring operation.

The first mode of monitoring is used while the mobile station
MSI is operating in a serving cell included in the first set of
cells C1-C3. Since the mobile station MSI may cross the home
zone area border 103 while operating in cells included in the
first set of cells C1-C3, a sequence of repeated position
measurements are scheduled while operating in the first mode
The LDB-application also monitors performed intercell handoffs
in the first mode in order to detect if the mobile station MSI
starts operating in a cell outside the first set of cells C1-C3.

The second mode of monitoring is used while the mobile station
MSI is operating in a serving cell not included in the first set
of cells C1-C3. Since the mobile station MSI can not cross the
home zone area border 103 while operating in cells not includedm the first set of cells C1-C3, no position measurement is
scheduled while operating in the second mode. Instead the LDB-
application monitors performed inter cell handoffs to detect if
the mobile station MSI enters a cell included in the first set

20 of cells C1-C3.

In the exemplary scenario illustrated in Fig. 4, the mobile
station MSI initally operates in cell C4, i.e. a cell not
included in the first set of cells C1-C3, and hence the LDB-
application enters the second mode of monitoring operation at
step 308. If the mobile station MSI subsequently moves from the
initial serving cell C4 into cell CI, an intercell handoff from
cell C4 to cell CI is performed. Fig. 4 illustrates how the
mobrle switching centre MSC1 notifies the LDB-application of the
performed intercell handoff by sending a signal S45 including
data identifying the mobile station MSI, the new serving cell CI
and the new radio channel allocated to the call in cell CI. The
LDB-application receives the notification signal S45 at step 310
in Fig. 3B and determines at step 311 whether the mobile station
MSI is still served by a cell not included in the first set of

25

30
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cells C1-C3. If the LDB-application determines that the mobile
station MSI is still served by a cell not included in the first
set of cells C1-C3 (an alternative YES at step 311), the LDB-
application remains in the second mode of monitoring operation.
However, since cell CI is the new serving cell in the example
scenario illustrated in Fig. 4, the LDB-application determines
that the mobile station MSI has entered a cell included in the
first set of cells C1-C3 (an alternative YES at step 311), and
proceeds to schedule a position measurement of the mobile
station MSI at step 312. The LDB-application requests the mobile
positioning center MPC1 to provide the current position of the
mobile station MSI by sending a position request signal S42,
including data identifying the mobile station MSI, the current
serving cell CI and the radio channel allocated to the call in
cell CI, to the mobile positioning centre MPC1. The mobile
positioning centre MPC1 orders the position determining entity
PDE1 to determine the current geographical position of the
mobile station MSI. The position determining entity PDE1
measures and returns the current geographical position of the
mobile station to the mobile positioning centre MPC1. The mobile
positioning centre MPC1 sends a position response signal S43 to
the home location register HLR1 . The LDB-application receives
the current geographical position of the mobile station MSI at
step 313 in Fig. 3B and enters the first mode of monitoring
operation at step 314.

Fig. 3C and 3D illustrate activities performed by the LDB-
application in the first mode of monitoring operation.

Upon entering the first mode of operation, either at step 308 in
Fig. 3A or step 314 in Fig. 3B, the LDB-application continues
processing at step 315 in Fig. 3C by calculating the distance
between the current position of the mobile station MSI and the
point on the home zone area border 103 closest to the mobile
stations current position. At step 316, the LDB-application
selects a time interval between the most recently performed
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position measurement and the next position measurement to be
performed, i.e. between consecutive position measurements The
time interval is selected as the largest of a predefined minimum
time interval and the quotient of the distance calculated at
step 315 divided by an assumed maximum possible speed of the
mobile station MSI. Both the minimum time interval and the
assumed maximum speed are configurable parameters of the LDB-
application. The minimum time interval between consecutive
position measurements is set with regard to the capacity of the
positioning system and requirements on how fast re-rating of a
call should be performed. The assumed maximum speed of the
mobile station is chosen so as to ensure that no mobile station
operating in the cellular network 101 can move faster than the
assumed maximum speed. Thus, the assumed maximum speed can e gbe set equal to the maximum speed of a high speed train (200-300
km/hour) or a car driving at a normal maximum speed on a highway
(100-120 km/h).

y

Fig. 5A illustrates an example of how the time interval between
consecutive position measurements is selected as a function of
the current distance between the mobile station MSI and the
closest point on the home zone area border 103 when the minimum
txme interval is set to 15 seconds and the assumed maximum speed
is set to 120 km/h. As illustrated in Fig. 5A, when the mobile
station MSI is within 0.5 km of the home zone area border 103
the time interval is selected equal to the minimum time interval
while if the mobile station is beyond 0.5 km from the home zone
area border 103, the time interval is selected as the quotient
of the current distance and the assumed maximum speed.

At step 317 in Fig. 3C, the next position measurement is
scheduled in accordance with the time interval selected at step
316 so that the time interval between the most recent position
measurement and the next position measurement corresponds to the
selected time interval. Step 317 may e.g. be implemented in the
LDB-application by setting a timer and upon timer expiry
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requesting the mobile positioning center MPC1 to perform the
next position measurement by sending a position request signal
S42 to the mobile positioning center MPC1. The mobile
positioning centre MPC1 orders the position determining entity

5 PDE1 to determine the current geographical position of the
mobile station MSI. The position determining entity PDE1
performs the necessary measurements and reports the current
geographical position of the mobile station to the mobile
positioning centre MPC1. The mobile positioning centre MPC1

10 sends a position response signal S43 to the home location
register HLR1

. The LDB-application receives the current
geographical position of the mobile station MSI at step 318 in
Fig. 3C. At step 319, the LDB-application determines whether the
mobile station MSI has crossed the home zone area border 103. If

15 the mobile station MSI has crossed the home zone area border 103
(an alternative YES at step 319), the LDB-application changes
the tariff applied to the call at step 320. To effect the change
of tariff, the LDB-application determines whether the mobile
station MSI is currently located inside or outside the home zone
area 102 and provides the applicable tariff, i.e. the home zone
tariff if the current position of the mobile station MSI is
inside the home zone area 102 or the standard tariff if the
current position of the mobile station MSI is outside the home
zone area 102, to the mobile switching centre MSC1 by sending a
signal S4 6 including the mobile station identity and the new
tariff. After performing step 320 or if the LDB-application
determined at step 319 that the mobile station MSI has not
crossed the home zone area border 103, processing continues at
step 315 and steps 315-320 are repeated once again.

20

25

30 In the example scenario illustrated in Fig. 4, a first time
interval Dl between consecutive position measurements is
selected the first time that step 316 is executed after entering
the first mode of monitoring at step 314. The second time that
step 316 is executed, the mobile station MSI has moved closer to

35 the home area zone border 103 and a time interval D2
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corresponding to the minimum time interval ^ selected
consecutive position measurements. During time interval D2 themobile station MSI moves into the home zone area 102 'i 7crosses the home zone area border 103. Thus, the next positron

statzon MSI rs now xnsxde the home zone area 102 which causesthe LDB-applzcation to send a signal S46 to the mobile switching

:

c

tV
n

h

icatin9 a change in can tari" «- -tariff to the home zone tariff Th<= »™H4,~ • t .

, .
• ine m°bile switching centre Msn

) switches the tariff applied to the call to *-ho htne caI1 to th« home zone tariffSrnce the mobile station MSI, in the example scenario of Fig 4remarns in the home zone area !02 until the call ^
onTtTrlrf;

th

tr°
bUe S"itChln9

°
entre MSC1 ^ —zone tariff for the remainder of the call.

Fig. 3D illustrates how th*» mn =~~i •

. .
LDB-application monitors performed

321, the LDB-applrcation receives a signal from the mobileservices swztching centre MSC1 informing the LDB-applicationthat a handoff of the mobile station MSI has been perfot dLDB aPpllcatlon determiDes at ^ he

statzon MSI is still served by a cell i„cluded in the first s^tOf cells C1-C3. If the ^-application determines that themobile station MSI is still served by one of the cells C1-C3 ,analternative YES at steo 3221 fh« m.
first ,

'
LDB-aPPHcatio„ remains in thefrrst mode of monrtoring operation. If instead the LDB.app rcatron determines that the mobile station MSI has entered a

apolicaf
" "rSt

°f °ellS C1~C3
' «" LDB-

s"p 323
" SSCOnd

°f «*«>*°« °P-ation at

in the example scenario of rig. 4, no handoff is performed afterthe mobrle station MSI enters the home zone area 102 andconsequently steps 321-323 are. not performed in this particularexample scenario. When the call is disconnected, the mobileswztching centre MSC1 informs the LDB-application of this event
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by sending a disconnect signal S47 to the home location register
HLR1 and the LDB-application terminates processing related to
the call.

Apart from the exemplary first embodiment of the invention
disclosed above, there are several ways of providing
rearrangements, modifications and substitutions of the first
embodiment resulting in additional embodiments of the invention.

Typically different tariffs are used, both within the home zone
area and outside the home zone area, depending on whether the
subscriber initiates or receives a call. Different tariffs may
also be applied dependent on the time of day when a call is
made. The charging may be made both to an ordinary subscription,
where the charge later is billed to the subscriber, or it may be
made to a so called prepaid subscription, where the subscriber

15 has paid a certain amount of money in advance.

The subscriber may be associated with more than one home zone
area, e.g. one zone covering the home location of the subscriber
and one zone covering his office. Different tariffs may be used
in the different zones associated with the subscriber.

20 A communication session involving the mobile station may be a
traditional cicuit switched call. The communication session may
however also be a session in which packet switched data units
are exchanged between the mobile station and the cellular
network if e.g. the mobile station and the cellular network

25 support the General Packet Radio Service (GPRS) . A communication
session involving a GPRS capable mobile station may extend from
the moment the mobile station is powered on until it is powered
off again. Note also that for a class A GPRS capable mobile
station, a circuit switched call and packet switched

30 communication may be performed in parallel. Charging may be
based on the amount of data exchanged instead of or in
combination with the length of the communication session.
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For selecting time intervals between position measurements,
different maximum speed values may be used irt different regionsof the cellular network depending on bow fast a mobile stationoan travel in eaoh region. As an example, a lower maximum speedmay be appiied in a oity and a higher maximum speed may beapplied outside the city.

instead of applying . £ixed predefined ^ ±
between conseoutive position measurements, the Mini™ timeinterval may be adapted to the current load of the positioning» system i.e. the mobile positioning centre and the position
detaining entity. Thus a shorter minimum time interval, whichenabies the cellular network to detect a crossing of the homezone area border and re-rate a call „ith less delay , beallowed during periods of low load. The mobile positioningcenter could be adapted to monitor the load in the positioning
system and inform registered network nodes, e.g. the homelocation register, of the minimum time interval currently

A way of reducing the processing !oad associated with selectingtime intervals between consecutive position measurements is todefine, when configuring the LDB-application, a set of fixedtrme intervals associated with different distance ranges. As anexample, if the minimum time interval allowed betweenconsecutive position measurements is 15 seconds and the maximumassumed speed of a mobile station is 120 km/h, the following setof tame intervals and associated distance ranges may be defined:

15 seconds for a mobile station within 0 km to 1 km from a homezone area border;

30 seconds for a mobile station within 1 km to 2 km from a home30 zone area border;

60 seconds for a mobile station within 2 km to 10 km from a homezone area border;

20

25
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300 seconds for a mobile station which is further away from a
home zone area border than 10 km.

When selecting a time interval between consecutive position
measurements, the time interval is set equal to the predefined
time interval associated with a distance range matching the
current distance between the mobile station and the home zone
area border. Fig. 5B is a distance-time diagram illustrating the
relationship between distance ranges and selected time intervals
according to the example described above.

The LDB-application illustrated in Fig. 3A-3D provides a
combination of two different embodiments of methods for
scheduling position measurements according to the present
invention. Alternatively the LDB-application could be
implemented using only one of said methods.

Thus, one alternative way of implementing the LDB-application
would be to modify the first mode of monitoring operation by
scheduling repeated position measurements with a fixed time
interval, e.g. equal to the minimium time interval allowed,
between consecutive position measurements in the first mode of
monitoring. According to this alternative implementation of the
LDB-application, the LDB-application would use serving cell
identities, received in the initial signal S41 invoking the LDB-
application and in any subsequent signal S45 informing the LDB-
application of a performed intercell handoff, as input data
representing the current geographical position of the mobile
station. Based on this input data, the LDB-application
determines whether the mobile station is operating in a cell
included in the first set of cells, i.e. whether the mobile
station currently is operating in the geographical area in which
the first set of cells provide radio coverage, and schedules
repeated position measurements, with a fixed time interval
between the position measurements, when the mobile station is
operating in a cell included in the first set of cells but no
position measurement when the mobile station is operating in a
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cell not included in the first set of cells. Note that since
scheduling of position measurements is performed differently
depending on whether the mobile station is operating inside or
outside the geographical area served by the first set of cells

5 and which enloses the home zone area border, the scheduling of
position measurements is dependent upon the distance between the
home zone area border and the current geographical position of
the mobile station. Also note that even though no handoff is
performed of GPRS mobile stations involved only in packet

10 switched communication with a cellular network, the LDB-
application implemented according to this alternative could
still be adopted to support rerating of such mobile stations by
receiving reports from a Serving GPRS Support Node (SGSN) of
cell reselections performed by a mobile station.

15 Another alternative way of implementing the LDB-application
would be to basically eliminate processing according to Fig 3B
Fig. 3D and steps 307-309 in Fig. 3A and instead continue
processing, after steps 305 and 306 in Fig. 3A, at step 315 in
Fig. 3C. According to this alternative implementation of the
LDB-application, the LDB-application would use measurement data
from previously performed position measurements as input data
representing the current geographical position of the mobile
station, calculate the distance between the mobile station and
the home zone area border, i.e. the point on the home zone area
whxch is closest to the current position of the mobile station
and schedule a next position measurement by selecting, dependent
upon the calculated distance between the mobile station and the
home zone area border, a time interval between the most recent
position measurement and the next position measurement.

It is possible to allocate functions differently than as
disclosed in the first exemplary embodiment of the invention.
The LDB-application may e.g. be provided in the mobile switching
centre of Fig. 1 instead of in the home location register, in a
service control point of an intelligent network or in a separate

20

25
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home zone server node. The signalling interaction between the
different nodes involved, depends of course on the specific
function allocation used. If, for an example, the LDB-
application would be implemented in the mobile switching centre,

5 it would be appropriate to download data defining the home zone
area and tariffs upon downloading other subscriber data to the
mobile switching centre. The interactions corresponding to
signals S41, S44, and S45-S47 in Fig. 4 would then be performed
internally in the mobile switching centre and thus not require

10 any exchange of signals between different network nodes.

The present invention is not limited to be applied only in
connection with a Location Dependent Billing service, as
illustrated by the exemplary first embodiment of the invention,
but may be applied in other situations where the geographical
position of a mobile station needs to be monitored and the
frequency of position measurements can be derived from the
current distance between the mobile station and a predefined
reference point. By way of example, the present invention may
e.g. be applied in a call barring service restricting the area
in which a subscriber is allowed to communicate to a predefined
area associated with the subscriber. If the subscriber moves
outside this predefined area during a call, the call barring
service would disconnect the call. The present invention can
also be applied when offering different sets of services or
different quality of service in different geographical areas to
a subscriber.

The predefined reference point may be defined in several
different ways in different applications of the invention.

The reference point may for example be the point on a predefined
geographical border, e.g. a home area zone, which is closest to
the current position of the mobile station. Note that depending
on how the mobile station moves, the current closest point on
the geographical border may not, and typically will not, remain
the same between position measurements but will change to other

15

20

25
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points on the geographical border between position measurements
Also note that referring to the distance between a mobile
station and a defined geographical border, e.g. a home zone area
border, is synonymuous with referring to the distance between
the current position of the mobile station and the closest point
on the geographical border.

Another example of a reference point is a measured position of a
second mobile station. One example of an application where
position measurements of a mobile station may be scheduled
dependent upon the distance to such a reference point would be
in a service offering rendezvouz related call establishment. In
an exemplary scenario, two buses travelling towards each other
along a highway may need to exchange e.g. passengers or parcels.
If both buses are equipped with a mobile station, the rendezvouz

15 related call establishment service could be invoiced to
automatically establish a phone call between the two bus drivers
when the buses are within a certain distance of each other. The
phone call serves both to alert the bus drivers to look for each
other and enables the bus drivers to communicate with each other
e.g. to agree on a suitable place to meet.

It is of course also possible to define a reference point which
is a fixed geographical point, i.e. whose geographical
coordinates always remain the same between different position
measurements. This way of defining a reference point could e.g.
be used in the context of a Location Dependent Billing service
application where home zone areas are defined as circles having
a certain center point and a radius (e.g. as illustrated in Fig.
1) •

In such a LDB-application, position measurements would then
be scheduled dependent upon the current distance between a
mobile station and the center point of a home zone area
associated with the mobile station by comparing the current
distance to the radius of the home zone area and scheduling more
frequent position measurements if there is a small difference
between the current distance and the radius as compared to if

20

25
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there is a larger difference between the current distance and
the radius.

The home location register in the cellular network in the
exemplary first embodiment of the invention, is one example of
an apparatus with the necessary means for implementing a method
for scheduling position measurements according to the present
invention. The method for scheduling position measurements may
alternatively be implemented by other kind of apparatuses such
as other network nodes, in the radio communication network or in
another network, or mobile stations. Also note that the present
invention can be applied in connection with a wide range of
different types of radio communication systems including AMPS,
TACS, D-AMPS, PDC, GSM, IS-95, UMTS, and CDMA2000.
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CLAIMS

1. A method for scheduling position measurements of a mobile
station (MSI) operating in a radio communication network (101),
c h a r a c t e r i z e d in that the method comprises the steps

30

receiving (301, 310, 321, 303, 313, 318) input data (S41, S45
S43) representing the current geographical position (106) of the
mobile station (MSI);

scheduling (312, 317) the position measurements dependent upon
the distance (104) between a predefined reference point (105)
and the current geographical position (106) of the mobile
station (MSI) as derived from the received input data (S41 S45
S43). '

'

2. A method according to claim 1, wherein less frequent position
measurements are scheduled when the mobile station (MSI) is
beyond a predetermined distance from the predefined reference
point (105) as compared to when the mobile station (MSI) is
within said predetermined distance from the predetermined
reference point (105).

3- A method according to any one of claims 1-2, wherein the
radio communication network is a cellular radio communication
network (101) serving a geographical area divided into a
Plurality of cells (C1-C9)

, wherein the method comprises the
step of determining (307, 311, 322), from the received input
data (S41, S45), whether the mobile station is operating in a
cell included in a predetermined first set of cells (C1-C3)
providing radio coverage in a geographical area enclosing the
predefined reference point (105) and wherein less frequent
posxtxon measurements are scheduled when it is determined that
the mobile station (MSI) is operating in a cell (C 4) not
included in the first set of cells (C1-C3, as compared to when

BNSDOCID: <WO 0137601A1 I >



10

30

«WO 01/37601 PCT/SE00/01 884
26

it is determined that the mobile station is operating in a cell
(CI) included in the first set of cells (C1-C3)

.

4. A method according to claim 3, wherein the step (301) of
receiving input data is performed to receive initial input data
(S41) identifying an initial serving cell (C4) in which the
mobile station (MSI) initially operates.

5. A method according to claim 4, wherein the step (310, 321) of
receiving input data is performed to receive subsequent input
data (S45) identifying any subsequent serving cell (CI) the
mobile station (MSI) enters upon performing an intercell handoff
or a cell reselection.

6. A method according to any one of claims 3-5, wherein no
position measurement is scheduled when it is determined that the
mobile station (MSI) is operating in a cell (C4) not included in

15 the first set of cells (C1-C3)

.

7. A method according to any one of claims 3-6, wherein a
sequence of position measurements are scheduled (312, 317) when
it is determined that the mobile station (MSI) is operating in a

cell (CI) included in the first set of cells (C1-C3)

.

20 8. A method according to any one of claims 1-2, wherein the
method comprises the step of calculating (315) the distance
(104) between the predefined reference point (105) and the
current geographical position (106) of the mobile station (MSI)
as derived from the received input data (S43) and wherein the

25 scheduling of position measurements includes selecting (316),
dependent upon the calculated distance between the mobile
station and the predefined reference point (105), a time
interval (Dl, D2) between consecutive position measurements in a
sequence of repeated position measurements.

9. A method according to claim 8, wherein the input data
reception step (318) is performed to receive measurement data
from previously performed position measurements.

3NS0OCID: <WO 0137601A1 I >



10

WO 01/37601 rj
PCT/SEO0/0J884

27

10. A method according to any one of claims 8-9, wherein
selecting the time interval between consecutive position
measurements involves selecting a longer time interval when the
mobile station (MSI) is beyond a predetermined distance from the
predefined reference point (105) and a shorter time interval
when the mobile station (MSI) is within said predetermined
distance from the predefined reference point (105)

.

11. A method according to any one of claims 8-10, wherein the
selected time interval (Dl) corresponds to the largest of a
predefined minimum time interval between consecutive position
measurements and the quotient of the calculated current distance
(104) between the mobile station (MSI) and the predefined
reference point (105) divided by an assumed maximum speed of the
mobile station (MSI)

.

15 12. A method according to any one of claims 1-11, wherein the
predefined reference point (105) is the point on a predefined
geographical border (103) which is closest to the current
geographical position (106) of the mobile station (MSI).

13. A method according to claim 12, wherein the predefined
20 geographical border (103) is a closed border enclosing a home

zone area (102) associated with the mobile station (MSI).

14. A method according to any one of claims 1-11, wherein the
predefined reference point is a fixed geographical point.

15. A method according to any one of claims 1-2 or 8-11, wherein
25 the predefined reference point is a measured current

geographical position of a second mobile station operating in
the radio communication network.
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16. A method of providing location dependent billing of
communication services provided by a radio communication network
(101) , the method comprising the steps of:

monitoring (310-319, 321-323) the geographical position of a

mobile station (MSI) involved in a communication session;

changing (320) the tariff applied in the communication session
upon determining that the mobile station (MSI) crosses a border
(103) enclosing a home zone area (102) associated with the
mobile station (MSI);

characterized in that the monitoring step (310-319,
321-323) includes performing position measurements scheduled in
accordance with the method of claim 13.

17. An apparatus (HLR1) for scheduling position measurements of a mobile
station (MSI) operating in a radio communication network (101), c h a r a
cterizedin that the apparatus comprises:

input means (201, 203) for receiving input data (S41, S45, S43)
representing the mobile stations (MSI) current geographical
position (106) ;

scheduling means (201, 203) for scheduling the position
measurements dependent upon the distance (104) between a

predefined reference point (105) and the current geographical
position (106) of the mobile station (MSI) as derived from the
received input data (S41, S45, S43)

.

18. An apparatus (HLR1) according to claim 11, wherein the
scheduling means (201, 203) are adapted to schedule less
frequent position measurements when the mobile station (MSI) is
beyond a predetermined distance from the predefined reference
point (105) as compared to when the mobile station (MSI) is
within said predetermined distance from the predetermined
reference point (105)

.
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19. An apparatus (HLR1) according to any one of claims 17-18,
wherein the radio communication network is a cellular radio
communication network (101) serving a geographical area divided
into a plurality of cells (C1-C9) , wherein the apparatus (HLR1)
comprises determining means (201, 203) for determining, from the
received input data (S41, S45), whether the mobile station (MSI)
is operating in a cell included in a predetermined first set of
cells (C1-C3, providing radio coverage in a geographical area
enclosing the predefined reference point (105) and wherein the
scheduling means (201, 203) are adapted to schedule less
frequent position measurements when it is determined that the
mobile station (MSI) is operating in a cell (C4) not included in
the first set of cells (C1-C3) as compared to when it is
determined that the mobile station (MSI), is operating in a cell

15 (CI) included in the first set of cells (C1-C3)

.

20. An apparatus (HLR1) according to claim 19, wherein the input
means (201, 203) are adapted to receive initial input data (S41,
identifying an initial serving cell (C4) in which the mobile
station (MSI) initially operates.

21. An apparatus (HLR1) according to claim 20, wherein the input
means (201, 203, are adapted to receive subsequent input data
(S45) identifying any subsequent serving cell (CI) the mobile
station enters upon performing an intercell handoff or a cell
reselection.

22. An apparatus (HLR1) according to any one of claims 19-21
wherein the scheduling means (201, 203) are adapted to schedule
no position measurement when it is determined that the mobile
station (MSI) is operating in a cell (C4) not included in the
first set of cells (C1-C3)

.

23. An apparatus according to any one of claims 19-22, wherein
the scheduling means (201, 203) are adapted to schedule a
sequence of position measurements when it is determined that the

20
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mobile station (MSI) is operating in a cell (CI) included in the
first set of cells (C1-C3)

.

24. An apparatus (HLR1) according to any one of claims 17-18,
wherein the apparatus comprises calculating means (201, 203) for

5 calculating the distance (104) between the predefined reference
point (105) and the current geographical position (106) of the
mobile station (MSI) as derived from the received input data
(S43) and wherein the scheduling means (201, 203) are adapted to
schedule a sequence of repeated position measurements and to

10 select, dependent upon the calculated distance between the
mobile station (MSI) and the predefined reference point (105), a
time interval (Dl, D2) between consecutive position measurements
in the sequence of repeated position measurements.

25. An apparatus (HLR1) according to claim 24, wherein the input
15 means (201, 203) are adapted to receive measurement data from

previously performed position measurements.

26. An apparatus (HLR1) according to any one of claims 24-25,
wherein the scheduling means (201, 203) are adapted to select a
longer time interval (Dl) between consecutive position

20 measurements when the mobile station (MSI) is beyond a
predetermined distance from the predefined reference point (105)
and a shorter time interval (D2) when the mobile station (MSI)
is within said predetermined distance from the predefined
reference point (105)

.

25

30

27. An apparatus (HLR1) according to any one of claims 24-26,
wherein the scheduling means (201, 203) are adapted to select
the time interval (Dl, D2) between consecutive position
measurements as the largest of a predefined minimum time
interval between consecutive position measurements and the
quotient of the calculated current distance (104) between the
mobile station (MSI) and the predefined reference point (105)
divided by an assumed maximum speed of the mobile station (MSI)

.
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28. An apparatus (HLR1) according to anyone of claims 17-27
wherein the predefined reference point (105) is the point on a
defined geographical border (103) which is closest to the
current geographical position (106) of the mobile station (MSI).

5 29. An apparatus (HLR1) according to claim 28, wherein the
defined geographical border is a closed border (103) enclosing a
home zone area (102) associated with the mobile station (MSI).

30. An apparatus (HLR1) according to anyone of claims 17-27
wherein the predefined reference point is a fixed geographical

10 point.

31. A network node (HLR1) which is an apparatus according to any
one of claims 17-30.

32. A mobile station which is an apparatus according to any one
of claims 17-30.

15 33.. A radio communication network (101) comprising a network
node (HLR1) according to claim 31.

34. A radio communication network comprising:

means (MPC1, PDE1) for performing position measurements of a
mobile station (MSI) involved in a communication session;

20 means (201, 203) for changing the tariff applied in the
communication session upon determining that the mobile station
(MSI) crosses a border (103) enclosing a home zone area (102)
associated with the mobile station (MSI),

characterized in that the radio communication
network (101) comprises a network node (HLR1) according to claim
31 which schedules the position measurements of the mobile
station (MSI)

.

25
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